Background People with osteoarthritis (OA) often are physically inactive. Surgical treatment including total hip arthroplasty or total knee arthroplasty can substantially improve pain, physical function, and quality of life. However, their impact on physical activity levels is less clear.
Introduction
Osteoarthritis (OA) is the leading cause of pain and disability among the older population [30] . The physical impairments associated with OA limit a person's capacity to perform everyday activities and participate in work, social, and recreational activities [1] . Consequently, people with OA are less physically active than those without [21] and most do not meet physical activity guidelines recommended for maintenance of good health [15] . Osteoarthritis is the most common reason for a THA or TKA [5] . The success of THA and TKA in relieving pain and improving function for patients with end-stage OA has been well established [14, 24] . Another important goal of arthroplasty is to increase physical activity [6, 7] ; however, this goal is poorly understood and has received relatively little evaluation [4, 9, 12, 44] .
Physical inactivity is a significant health problem worldwide [27] . American Physical Activity Guidelines for older adults, including those with chronic conditions, recommend 30 minutes of moderate-intensity exercise at least 5 days a week for optimal health [19, 37] . Currently, there is little literature describing the proportion of people who meet American Physical Activity Guidelines after THA or TKA using objective measures of physical activity and there are no standardized approaches for measurement.
Accelerometers are viewed as the most accurate objective measure of physical activity [18, 33] . Contained within small activity monitors, they measure activity counts (summation of the frequency and intensity of vertical accelerations and decelerations measured during select time intervals), steps taken, and intensity of movement [2] . Recent studies exploring physical activity levels in the arthroplasty population using accelerometers [4, 9, 12, 44] have reported conflicting findings regarding changes in physical activity after arthroplasty. Unfortunately, all but one of these studies measured physical activity over short durations of 24 to 48 hours [9, 12, 44] , which is less than the recommended minimum of 3 to 5 days (including a weekend day) required to gain accurate measures of habitual physical activity [42] .
The primary aims of this study were to (1) measure changes in physical activity using an accelerometer from preoperatively to 6 months after THA or TKA; and (2) determine the proportion of people meeting the American Physical Activity Guidelines [19] at 6 months after arthroplasty. Our secondary aim was to measure concurrent changes in self-reported pain, physical function, quality of life, and physical activity over this time. We hypothesized that (1) physical activity would increase after arthroplasty but (2) the majority of people would not meet the physical activity guidelines at 6 months despite the expected improvements in self-reported pain, physical function, quality of life, and physical activity.
Patients and Methods
This study was a prospective case series that recruited participants between March 1 and October 15, 2011, from The Alfred, a major tertiary referral public hospital in Melbourne, Australia.
Inclusion criteria were age between 50 and 80 years (inclusive), a diagnosis of hip or knee OA, and waitlisting for a primary THA or TKA. Participants who were wheelchair-bound, or in high-level care facilities (such as nursing homes), were excluded. Participants with comorbidities that significantly affected their level of physical activity such as a previous stroke and those with English language or cognitive barriers were also excluded. A total of 141 adults waitlisted for an elective THA or TKA attended the preadmission clinic between March and October 2011. Seventy-seven adults met the eligibility criteria ( Fig. 1 ) and 63 people were recruited for the study. Of these, there were six participants who did not undergo surgery as scheduled so 57 participants were included in the analysis of participant characteristics. Seven participants at the preoperative assessment had activity monitor technical problems or did not wear the activity monitor for the required period. Three participants withdrew from the study after their surgery and did not attend the 6-month followup, and a further three patients had technical difficulty with the activity monitor or did not wear the activity monitor for the required time at 6 months postoperatively. Therefore, a total of 44 participants had complete valid preoperative and 6-month postoperative physical activity data sets available for the analyses of change in physical activity. There was a greater proportion of participants in (Table 1) . A minimum sample size of 41 provided 80% power to detect a moderate effect of arthroplasty on physical activity levels (effect size of 0.45 or mean change in physical activity equivalent to 0.45 SDs, which we considered a moderate effect size) with an alpha level of 0.05.
The median wait time from the preadmission clinic to surgery was 58 days (range, 2-227 days). The type of prosthesis used for surgery was chosen by the individual Eligible but not recruited (n = 14)
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• Other comorbidities (6) Preadmission Clinic ( Fig. 1 Flow of participants through the study. * One data set with 3 days of activity monitor data with\30 minutes of moderate-intensity physical activity recorded per day was included in the 6-month postoperative data set (n = 52) to determine if they met physical activity guidelines (ie, because with the 3 days of data, it could be determined they would not have met the guidelines) but this data set is not included in analysis of change in physical activity (n = 44) between time points because there were not 4 days of valid data; physical activity data recorded by accelerometer for a minimum wear time of 10 hours per day for at least 4 days inclusive of a weekend day at both time points (pre-and postarthroplasty).
orthopaedic consultant but was limited to the prostheses routinely kept in stock. During the study period, prostheses routinely used for THA were either the Corail1 Total Hip ) prosthesis was used for all TKAs. All participants, regardless of prosthesis received, were managed with the same postoperative protocol and were permitted to weightbear as tolerated. During the inpatient postoperative phase, all participants received standardized routine postoperative care that includes daily physiotherapy. Daily physiotherapy included the physiotherapist assisting participants to mobilize with a gait aid on Day 1 postoperatively and providing them with a bed exercise program. Thirty-five of the 57 (61%) participants were discharged home with ongoing outpatient physiotherapy provided by community services. The remaining participants were discharged to inpatient rehabilitation centers local to where the participant lived and consequently the details of the rehabilitation programs they received are unknown.
Preoperative data were collected at the preadmission clinic by an allied health assistant. Followup data were collected at the routine 6-month postoperative review appointment by an orthopaedic outpatient physiotherapist. Participant information pertaining to age, sex, comorbidities, height, weight, and body mass index (BMI) was extracted from the anesthetic assessment conducted at the preadmission clinic and recorded in the medical history. Comorbidities were categorized as cardiovascular, diabetes, respiratory, musculoskeletal (excluding the affected hip or knee), or other [13] . Because participants could have more than one comorbidity in each category, the total number of comorbidities was also recorded. At the 6-month postoperative review, information from the medical file regarding length of hospital stay, adverse events, and discharge destination was extracted. Adverse events were classified according to the system used in a previously published study [13] and included (1) death relating to the procedure; (2) perioperative complications; (3) postoperative complications resulting in discharge delay; and/or (4) suture line problems, eg, hematoma, dehiscence, wound necrosis, or wound or joint infection as per the definition of Surgical Site Infection from the Centers for Disease Control and Prevention [22] .
The primary outcome of interest was physical activity, measured using the ActiGraph1 GT1M activity monitor (ActiGraph LLC, Fort Walton Beach, FL, USA). It contains a uniaxial accelerometer and is a small, lightweight device worn around the waist under or over clothes [40] . Participants were provided with the activity monitor, detailed verbal and written instructions regarding its use, and an activity diary to record times when and why the activity monitor was not worn. Activity monitors were initialized as per the manufacturer's manual [2] . The epoch (the summation of the frequency and intensity of accelerations and decelerations measured during the select time intervals) was set at 1 minute (60 seconds). Participants were instructed to attach the activity monitor as close as possible to the body's center of mass [42] using an elasticized belt around their waist and to wear it for a minimum of 10 hours, during waking hours, for 7 consecutive days. Participants were telephoned in the days after the issue of the activity monitor to encourage compliance. If participants had forgotten to wear the activity monitor, they were encouraged to wear it for an extra day. Participants were instructed to remove the activity monitor only for waterbased activities such as bathing and swimming. Data from activity monitors were downloaded to a computer with ActiGraph software installed. The minimum requirement for nonzero epochs within an hour was set at 5%. Therefore, for hourly activity data to be valid, a minimum of 3 minutes of nonzero epochs per hour had to be recorded. Furthermore, for a data set to be valid, the activity monitor had to be worn for at least 10 hours for a minimum of 4 of the 7 days, one of which had to be a weekend day. Weartime calculations using the ActiGraph software were performed only on valid data sets. Amount of activity was indicated by physical activity counts, which were averaged over time and reported as counts per minute (cpm). Two different methods of calculation were used ( Table 2) . Method 1 provided the average activity counts during valid wear time only and therefore did not include the time when the activity monitor was not being worn. In comparison, Method 2 included nonwear time (such as overnight and when the monitor was not being worn) on valid days and assumed all nonwear time was nonactive time. Intensity of activity was evaluated by categorizing activity as [2, 17] : (1) sedentary\100 cpm; (2) light 100 to 1953 cpm; (3) moderate 1954 to 5724 cpm; or (4) vigorous[5725 cpm. The cut point ranges recommended in the ActiGraph software manual were calculated from calibration studies and correspond to physical activity expressed as the standard unit of metabolic equivalent (MET). For example, the moderateintensity cut point range 1954 to 5724 cpm is equivalent to 3 to 5.99 METs. Moderate-intensity activities for which MET has been calculated include: walking the dog (3 METs), vacuuming (3.5 METs), and raking the lawn (4 METs) [3] . For each participant, the percentage of time spent in sedentary activity was extracted directly from the ActiGraph data (Table 2) . To determine whether a participant met the minimum levels of physical activity recommended for maintenance of good health, time spent participating in water activities (as reported by the activity diary) per day was added to the participant's raw data set from the activity monitor. If a minimum of 30 minutes of at least moderateintensity activity per day was recorded for a minimum of 5 days, then the participant was categorized as having met the American Physical Activity Guidelines [19] . The American Physical Activity Guidelines was chosen as the criterion for measuring physical activity because it describes the amount and intensity of physical activity recommended for older adults, including adults with disabilities and chronic conditions such as those with OA.
Participants wore the physical activity monitor preoperatively for an average of 14 hours per day for 6.52 days and for an average of 14 hours per day for 6.86 days at 6 months after arthroplasty.
Secondary outcome measures included the following self-reported questionnaires: numerical pain rating scale (11-point scale ranging from 0 to 10) during activity and at rest [8, 39] ; Oxford Hip and Knee Score (12-item scale measuring pain and physical function) [10, 11] ; SF-12 Generic Health Survey (generic quality-of-life measure with two components-a physical component summary and a mental component summary [MCS] ) [29, 41, 45] ; University of California Los Angeles (UCLA) activity score (with 10 descriptive activity levels ranging from wholly inactive and dependent on others [level one], sometimes [34, 48] ; and a patient-reported global rating of change (GRC) score for measuring self-perceived change in physical activity (measured postoperatively using a 7-point Likert scale ranging from very much worse to very much better) [16, 23] . Data were analyzed using SPSS Statistics (Version 19; SPSS Inc, Chicago, IL, USA). Before statistical analyses, data were assessed for normality using the KolmogorovSmirnov test. Because most data were not normally distributed, nonparametric tests were performed for statistical analyses related to study hypotheses. Median and interquartile range were calculated for descriptive purposes and Wilcoxon signed-rank tests were used to continuous compare data across time points. Statistical analyses were conducted within the entire cohort as well as separately within the subgroups of people undergoing either THA or TKA. Probability values \ 0.05 were considered statistically significant.
Results
There was no change in objectively measured physical activity over time (Table 3 ) either in the entire cohort or within the subgroups of THA and TKA participants using the physical activity monitor. There was also no change in activity intensity after arthroplasty. Preoperatively, participants spent 82% (interquartile range [IQR], 7.8) of the time measured engaged in sedentary activities compared with 83% (IQR, 8.2) at 6 months postoperatively (p = 0.11).
Very few patients met the American Physical Activity Guidelines either before or after recovery from arthroplasty. Of the 57 participants enrolled in the study, 50 participants (88%) had physical activity data (accelerometer data plus activity diary) available preoperatively to determine the proportion meeting the American Physical Activity Guidelines [19] . Of these participants, only three (6%) met the American Physical Activity Guidelines. At 6 months postoperatively, 52 participants (91%) had data available. Only one participant (2%), who underwent THA, met the American Physical Activity Guidelines.
Although there were no significant objective increases in activity, we noted with interest that most patients reported not just improvement in pain after surgery, but also a subjective increase in function. In the cohort of 44 participants with valid accelerometer data sets at both time points, there were significant improvements in self-reported pain during activity (p \ 0.001), physical function (p \ 0.001), quality of life (p \ 0.001), and in physical activity measured by the UCLA activity score (p \ 0.001) after arthroplasty (Table 4) . When the groups of THAs and TKAs were analyzed separately, similar results were obtained with the exception of quality of life (MCS). Most participants (n = 31 [72%]) reported improvement in physical activity on the GRC score (categorized as those reporting either very much or much improved) (Fig. 2) .
Discussion
Although lower extremity arthroplasty is known to decrease patients' pain and improve function and quality of life, objective studies documenting increased physical activity (one possible measure of improved function) are few [14, 43] . This study aimed to measure physical activity using accelerometers preoperatively and at 6 months after arthroplasty and to describe the proportion of people meeting physical activity guidelines by this time. Our results show that arthroplasty did not influence physical activity at 6 months postoperatively and people did not meet physical activity guidelines despite selfreported improvements in all self-reported secondary outcome measures of pain, physical function, quality of life, and physical activity (other than pain at rest).
There are a few limitations to consider with this study. We used a sample of convenience and the sample was small for the main comparative analysis across time points. Valid physical activity data were unavailable for some participants and several people did not undergo surgery as planned. However, the patients in whom we did not have complete data were in nearly all measurable respects similar to those in whom we did have complete data (Table 1) . We observed no difference in physical activity over time, but it is possible this might be because the study was underpowered. We were powered to detect a change in physical activity over time of 0.45 SDs (which we considered a moderate effect size). Thus, smaller changes in physical activity may have existed but may not have been detected in our sample. Although a larger sample may have shown statistically significant differences, the mean change in physical activity was an increase of 12 cpm (using Method 1) and it is unlikely that this is a clinically relevant increase considering less than 100 cpm is considered sedentary (resting) activity. The proportion of time spent in sedentary activity was 82% preoperatively and this only increased to 83% postoperatively. A further limitation is waist-mounted uniaxial accelerometers have been reported to underestimate activities such as cycling [32] ; however, data from UCLA activity scores and activity diaries indicate most of this cohort did not participate in activities like cycling. A well-documented limitation with use of accelerometers relates to different values of activity count cut points to determine moderate-intensity physical activity [17, 28, 31] . The cut points we used in this study were recommended in the ActiGraph manual, but these cut points were based on equations developed in the laboratory setting using healthy adult males, which may not necessarily be applicable to our sample of older adults after THA or TKA. Activity cut points have been calibrated using the ActiGraph accelerometer in middle-aged to old obese/overweight and Type 2 diabetes mellitus adult patients [28] . An analysis using these different cut points for moderate-intensity exercise was conducted and the results of the proportion of people meeting the activity guidelines was no different when compared with results using the cut points recommended in the ActiGraph manual. Further research is required to determine the most accurate activity count cut points to use in an arthroplasty population. We chose 6 months postoperatively because the largest improvements in all aspects of physical function and self-reported outcomes after THA or TKA typically occur by this time [25, 26, 35, 36, 43] . However, longer timeframes may be required for improvements in physical function to translate into increases in physical activity after arthroplasty.
We combined THA and TKA participants into a single group for analysis given our relatively small sample. However, this can be considered a limitation given that recovery after THA has been reported to be greater and occur earlier than after TKA [14] , and thus may have influenced the degree of change we observed in the secondary outcomes of pain, physical function, and quality of life. However, for the primary outcome of physical activity, there is evidence to suggest there is no difference between these two groups [6, 12] . Although we performed a subgroup analysis of change in physical activity for THA and TKA participants separately, it is important to note the small samples in each group mean these analyses are underpowered and the findings should be considered hypothesis-generating rather than conclusive. The low percentage of people in this study meeting the physical activity guidelines pre-and [19, 44] . A p value\0.05 was considered statistically significant; Method 1 = activity counts calculated using wear hours only on valid days; Method 2 = activity counts calculated inclusive of wear hours and nonwear hours on valid days; cpm = counts per minute. Table 4 . Secondary outcome measures taken at baseline and 6 months after THA or TKA, presented as median (interquartile range) unless indicated (for participants who had complete physical activity data at both baseline and 6 months postoperatively)
Secondary outcome
Number of participants postoperatively may suggest the use of the physical activity guidelines as a measure is too hard a criterion; however, regular, low-impact physical activity is recommended as a management strategy universally by clinical guidelines for management of patients with OA [38, 49] and the guidelines are written to be inclusive of older adults with chronic conditions. In addition, engaging people to meet the physical activity guidelines is the number one recommendation by the American Academy of Orthopaedic Surgeons for the management of people with knee OA [4] ; therefore, we felt it was important to identify if people with OA were able to meet the guidelines. The most common factor influencing physical activity in people with OA is pain [20, 46] . Therefore, it was reasonable to expect physical activity and the proportion of people meeting the physical activity guidelines would increase after surgery that successfully alleviates pain. Hence, the physical activity guidelines provided a clinically relevant benchmark to measure physical activity against pre-and postoperatively. Four previous studies have measured physical activity using accelerometers before and at 6 months after arthroplasty [4, 9, 12, 44] . One of these studies from The Netherlands [12] included a mixed cohort of people after either THA or TKA and in contrast to our study, a significant increase in physical activity at 6 months after THA and TKA was reported. However, this only equated to an increase of 10 minutes of activity per day, which the authors considered to be clinically insignificant. Two of the previous studies, with a cohort of participants after TKA, measured locomotion or ambulation and reported significant increases at 6 months [9, 44] . These different findings compared with our study may be explained by the measurement relating only to ambulation. Ambulation is one component of physical activity. The major difference, however, between these three mentioned studies [9, 12, 44] and our study was the duration of the assessment of physical activity. Our study measured physical activity over 7 days with a minimal requirement of 4 days compared with these three studies that measured physical activity over 24 to 48 hours. This short duration is unlikely to be long enough to capture a reliable estimate of habitual physical activity [42] . Only one of the four previous studies has measured physical activity using accelerometers over 7 days and, consistent with the findings of our study, reported no significant increase in physical activity at 6 months after arthroplasty [4] . That study had a small sample size of 12 females after THA and excluded patients with a BMI[30 kg/m 2 . In contrast, our sample size was larger and the mean BMI for our cohort was 31.1 kg/m 2 , which is likely to be more representative of the population with OA who tends to be overweight or obese.
Most people in our study at 6 months after arthroplasty did not meet the American Physical Activity Guidelines. This is an important finding because there is a 20% to 30% increased risk of all-cause mortality in people who do not meet physical activity levels specified by physical activity guidelines [47] . This suggests people in our study may be at increased risk of adverse health outcomes. To our knowledge, this is the first study that has used accelerometers to measure the proportion of people meeting physical activity guidelines after THA or TKA. The clinical implications of these findings suggest healthcare professionals need to develop effective strategies to help people after arthroplasty translate their increased physical capacity into actual increased physical activity to meet physical activity guidelines and to reduce their risk of adverse health outcomes. These findings suggest despite people feeling better and more physically capable after arthroplasty, this does not necessarily result in increased physical activity or participation in enough physical activity to promote good health and well-being. Changing physical activity behavior is complex and should not be underestimated by individuals or health professionals, and people with OA considering arthroplasty need to be aware that surgery alone is unlikely to achieve physical activity required for a healthy lifestyle. Further research is required to understand more about the factors such as baseline activity levels, influencing physical activity in people with OA after THA and TKA.
